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Supplementary Figure 1. Age correlates positively with HbA1c levels. Correlation between age and
HbA1c levels (a), BMI (b), insulin secretion (c), and islet b-cell content (d) in pancreatic islet donors as
analysed by linear regression analysis (a-c, n=87) or Spearman correlation (d, n=12). (e) Representative
electron micrographs of pancreatic islets from four donors, ages 32-57. b- and a-cell granules are indicated
by red and yellow arrowheads, respectively. Scale bar in the lower right panel is 5mM.
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Supplementary Figure 2. Age-associated DNA methylation changes of GNPNAT1 and HLTF in human
pancreatic islets and blood. The association between age and DNA methylation of sites in GNPNAT1 (a) and
HLTF (b) in pancreatic islets from the human islet cohort (n=87, left panels), and blood from the Danish Family
Study (n=112) at baseline (middle panels) and follow-up (right panels). Data were analysed by linear regression.
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Supplementary Figure 3. DNA methylation of CpG sites in KLF14, FHL2, FAM123C, and ZNF518B
at follow-up in blood from the Danish Family Study. Pyrosequencing of DNA from donors in the
Danish Family Study revealed that methylation of CpG sites in KLF14 (a), FHL2 (b), FAM123C (c), and
ZNF518B (d) associated significantly with age also at follow-up as analysed by linear regression (n=112).
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Supplementary Figure 4. DNA methylation of KLF14, FHL2, FAM123C, and ZNF518B in blood
increased over time. The difference in methylation of indicated sites in blood samples from the Danish Family
Study (n=112) at baseline and at follow-up was analysed with a Wilcoxon signed rank test. *** p < 0.0001.
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Supplementary Figure 5. DNA methylation of CpG sites in KLF14, FHL2, FAM123C, and

ZNF518B are similar in pancreas and blood. (a) Analysis of published data by Slieker et al30 show
that methylation of the studied sites in KLF14, FHL2, FAM123C, and ZNF518B is similar in pancreas
and blood taken from the same donors (n=4). GNPNAT1 and HLTF were excluded from this analysis as
they did not exhibit similar age-associated changes in DNA methylation in our islet and blood data. (b)
Methylation of the nine sites in KLF14, FHL2, FAM123C, and ZNF518B in pancreas and blood taken
form the same donors correlated significantly.

0 10 20 30 40 50 60
0

10

20

30

40

50

60

70

80
p=4.2x10 -11

cg08097417
cg22285878
cg14361627
cg06639320
cg22454769
cg24079702
cg23606718
cg16295725
cg23995914

DNA methylation (%)
Islets

D
N

A
 m

et
h

yl
at

io
n

 (
%

)
B

lo
o

d



10 20 30 40 50 60 70 80
30

40

50

60

70
FHL2
p=1.6x10-18

Age (years)

D
N

A
 m

e
th

y
la

tio
n

 (%
)

C
p

G
 1

10 20 30 40 50 60 70 80
20

30

40

50

60
FHL2
p=2.2x10-14

Age (years)

D
N

A
 m

e
th

y
la

tio
n

 (%
)

C
p

G
 2

10 20 30 40 50 60 70 80
50

60

70

80
FHL2
p=1.1x10-11

Age (years)

D
N

A
 m

e
th

y
la

tio
n

 (%
)

C
p

G
 3

10 20 30 40 50 60 70 80
20

30

40

50
FHL2
p=6.2x10-17

Age (years)

D
N

A
 m

e
th

y
la

tio
n

 (%
)

C
p

G
 4

10 20 30 40 50 60 70 80
10

15

20

25
FHL2
p=1.1x10-4

Age (years)

D
N

A
 m

e
th

y
la

tio
n

 (%
)

C
p

G
 5

10 20 30 40 50 60 70 80
0

2

4

6

8

10
KLF14
p=2.8x10-8

Age (years)

D
N

A
 m

e
th

y
la

tio
n

 (%
)

C
p

G
 1

10 20 30 40 50 60 70 80
0

2

4

6

8

10
KLF14
p=1.3x10-7

Age (years)

D
N

A
 m

e
th

y
la

tio
n

 (%
)

C
p

G
 2

10 20 30 40 50 60 70 80
0

5

10

15

20
KLF14
p=3.2x10-3

Age (years)

D
N

A
 m

e
th

y
la

tio
n

 (%
)

C
p

G
 3

10 20 30 40 50 60 70 80
5

10

15

20
FAM123C
p=2.8x10-2

Age (years)

D
N

A
 m

e
th

y
la

tio
n

 (%
)

C
p

G
 1

10 20 30 40 50 60 70 80
0

2

4

6

8

10
FAM123C
p=1.4x10-2

Age (years)

D
N

A
 m

e
th

y
la

tio
n

 (%
)

C
p

G
 2

10 20 30 40 50 60 70 80
5

10

15

20

25
FAM123C
p=1.2x10-3

Age (years)

D
N

A
 m

e
th

y
la

tio
n

 (%
)

C
p

G
 3

a

b

c

Supplementary Figure 6 - Ling

d

e f
10 20 30 40 50 60 70 80

3

6

9

12

15

ZNF518B
p=2.5x10-5

Age (years)

D
N

A
 m

e
th

y
la

tio
n

 (%
)

C
p

G
 1

10 20 30 40 50 60 70 80
0

4

8

12

16

20 ZNF518B
p=2.6x10-5

Age (years)

D
N

A
 m

e
th

y
la

tio
n

 (%
)

C
p

G
 2

10 20 30 40 50 60 70 80
4

8

12

16

20

ZNF518B
p=2.0x10-2

Age (years)

D
N

A
 m

e
th

y
la

tio
n

 (%
)

C
p

G
 3

10 20 30 40 50 60 70 80
50

60

70

80

90
GNPNAT1
p=7.5x10-4

Age (years)

D
N

A
 m

e
th

y
la

tio
n

 (%
)

C
p

G
 1

10 20 30 40 50 60 70 80
0

1

2

3

4

5 HLTF
p=0.28

Age (years)

D
N

A
 m

e
th

y
la

tio
n

 (%
)

C
p

G
 1

10 20 30 40 50 60 70 80
0

2

4

6

8 HLTF
p=0.43

Age (years)

D
N

A
 m

e
th

y
la

tio
n

 (%
)

C
p

G
 2

Supplementary Figure 6. DNA methylation of surrounding CpG sites in KLF14, FHL2, FAM123C,
ZNF518B and GNPNAT1 associates with age at baseline in the Danish Family Study. Pyrosequencing
revealed that several surrounding sites in KLF14 (a), FHL2 (b), FAM123C (c), ZNF518B (d), and GNPNAT1
(e) were significantly associated with age in blood at baseline (n=112). However, the surrounding sites in
HLTF (f) did not associate with age at baseline. Data were analysed by linear regression.
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Supplementary Figure 7. DNA methylation of surrounding CpG sites in KLF14, FHL2, FAM123C,
and GNPNAT1 associates with age at follow-up in the Danish Family Study. Pyrosequencing revealed
that several surrounding sites in KLF14 (a), FHL2 (b) FAM123C (c), and GNPNAT1 (e) were significantly
associated with age in blood at follow-up (n=112). However, the surrounding sites in ZNF518B (d) and
HLTF (f) did not associate with age at follow-up. Data were analysed by linear regression.
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Supplementary Figure 8 - Ling

Supplementary Figure 8. DNA methylation of KLF14, FHL2, FAM123C, ZNF518B, and GNPNAT1 in

isolated human blood cell populations. Published methylation data by Reinius et al33 from isolated blood
cell populations suggest that the age-associated methylation changes identified in KLF14, FHL2, FAM123C,
ZNF518B, and GNPNAT1 are not due to an altered blood cell composition (n=6).
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Supplementary Figure 9 - Ling

Supplementary Figure 9. Biological replication of age-associated DNA methylation changes in human
pancreatic islets. Pyrosequencing analysis of methylation of seven age-associated CpG sites in KLF14 (a),
FHL2 (b), and FAM123C (c) on DNA from pancreatic islets from a replication cohort of 38 donors verified
that methylation of all analysed CpG sites correlated significantly with age. Data were analysed with Spearman
correlations. (d) DNA methylation differed significantly for all seven sites in pancreatic islets from young
(<40 years, n=6) versus old (>65 years, n=10) donors in the validation cohort. Data analysed with a
Mann-Whitney U test. *p<0.05, **p<0.01, and ***p<0.001.
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Supplementary Figure 10 - Ling

Supplementary Figure 10. There was no impact of age of the donor on the purity of
islet preparations, thus excluding such a bias as confounding factor.


